Studies comparing pulmonary responses to crystalline silica (SiO,) and titanium dioxide (0.3 pm diameter, Ti0,-F) demonstrated a positive correlation between alveolar macrophage (AM) release of interleukin-1 (IL-I), tumor necrosis factor (TNF) and fibronectin and, pulmonary granuloma formation, inflammation and fibrosis, respectively. AM IL-1 release was associated with the development of pulmonary granulomas after SiO, exposure. AM release of TNF positively correlated with the degree of neutrophil recruitment after SiO, or Ti0,-F exposure. A persistent increase in AM fibronectin release consistently correlated with the development of pulmonary fibrosis after SiO, or Ti0,-F exposure. Studies comparing pulmonary responses to ultrafine TiO, (Ti0,-D, particle diameter, 0.02 pm) with Ti0,-F demonstrate that ultrafine particles have a relatively greater toxicity on a mass/lung basis. Exposure to Ti0,-D resulted in a persistent increase in AM TNF and fibronectin release which was associated with neutrophil recruitment and fibrosis, respectively. Ti0,-D did not stimulate AM IL-1 release and this was consistent with the absence of a granulomatous response to Ti0,-D. In light of the known bioactivities of IL-1, TNF and fibronectin, these correlative findings suggest that these mediators play significant roles in pulmonary responses to mineral dust exposure and may serve as potential early biomarkers of pulmonary toxicity.
The potential of an inhaled material to interact with the respiratory tract has been, traditionally, assessed by light microscopic examination of lung tissue sections obtained from animals subchronically or chronically exposed via inhalation. No-observed adverse effect levels are then used, along with other relevant data, to assess risk and establish acceptable levels of human exposure. In most instances, this approach alone provides the information needed to predict safe exposure levels in humans. However, there are situations in which the interpretation of responses in animals characterized by histopathology can be difficult. For example, changes such as minimal increases in macrophages or the presence of foamy macrophages, especially in studies of short-duration, could be interpreted as adaptive responses to an increased particle burden. Alternatively, these responses may represent the initial manifestation of a toxic response and, if expo-* Address correspondence to: Dr. Kevin E. Driscoll, Procter &Gamble Company, P.O. Box 398707, Cincinnati, Ohio 45239-8707.
Presented at the Tenth International Symposium of the Society of Toxicologic Pathologists, "Pulmonary Toxicologic Pathology," June 2-6, 1991 in Monterey, California. sure had continued, more overt signs of lung toxicity would be observed. Differentiating between an adaptive response and a potentially toxic response is a matter critical to the overall safety assessment of a material.
In an effort to identify and validate biomarkers to better predict and interpret responses in the lung, we have been investigating mechanisms underlying the pulmonary response to mineral dust exposure. To date, our research has focused on the alveolar macrophage (AM). AMs release a variety of lipid and protein mediators which can recruit and activate cells involved in tissue injury and repair (e.g., leukocytes, epithelial cells, fibroblasts) and this activity is thought to play an important role in the pathogenesis of interstitial lung disease. Two macrophage-derived cytokines, interleukin-1 (IL-1) and tumor necrosis factor (TNF), are believed to be important in local inflammation and tissue repair (2 1). IL-1 and TNF share a number of pro-inflammatory activities including: neutrophil activation, stimulation of eicosanoid biosynthesis, induction of adhesion molecule expression, and activation of cells to release cytokines (1 9-2 1, 29). An additional secretory product of macrophages is fibronectin, a -400 kd glycoprotein which is both chemotactic for
